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ABSTRACT

AIM: To study the metabolism of cilnidipine and the effectsof selective cytochrome P-450 (CY P450) inhibitors on
the metabolism of cilnidipine in human liver microomes in vitro. METHODS: Human liver microsomes were used
to perf orm metaboli sm studies. Various selective CY P450 inhibitors were used to invettigate their effects on the
metabolism of cilnidipineand the principa CY P450 isoforminvolved in dehydrogenéation of dihydropyridinering of
cilnidipine in human liver microsomes. RESULTS: Cilnidipinewas rapidly metabolized to three metabolites They
aredehydrogenated metabolite of dihydropyridnering of cilnidipine (M,), demethylation metabolite of lateral chain
of dihydropyridine ring of cilnidipine (M,), and the dehydrogenation and demethylation metabolite of cilnidipine
(M,). Ketoconazole (Ket) competitively inhibited the dehydrogenation of dihydropyridinering of cilnidipine and
lowered the metabolic rate of cilnidipinewhile a -naphthoflavone (a -Naph), sulfaphenazole (Sul), quinidine (Qui),
diethyldithiocarbamate (DDC), and tranylcypromine (Tra) had alittle or no inhibitory effects on the dehydrogena
tion of cilnidipine. CONCLUSION: Cilnidipine wasrapidly metabolized in human liver microsomesand dehydro-
genation of dihydropyridinering of cilnidipineiscrucial for the elimination of cilnidipine. Cytochrome P-4503A
(CYP3A) isthe mgjor human CY Pinvolved in the dehydrogenation of dihydropyridine ring of cilnidipine.

INTRODUCTION

Cilnidipineis anove dihydropyridine calcium an-
tagoni & and its calcium antagonigtic activity islagting
longer than those of nifedipineand nicardiping?. It has
been reported that cilnidipine has been used for the treat-
ment of hypertension and hy pertensive-associ ated vas
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cular disorders?.

After oral adminigtration, large amount of thedrug
could bedetected in the gal Ibladder, bladder, liver and
kidney. Approximately 18 %-29 % and 80 % of the
dosewas excretedin urine and feces, respectively within
72 hin dogs?. The purpose of thisexperiment wasto
invegtigate the metabolism of cilnidipinein human liver
microsomes in vitro and theeffects of selective CY P450
inhibitorsonthe metabdism of cilnidipinein human liver
microsomes and the mgjor CYP450 isoform involved
in the metabolism of cilnidipine.

MATERIALSAND METHODS
Chemicals Cilnidipine (CNDP) and its dehydro-
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genated metabolite (DCNDP) were kindly provided by
Department of Pharmacetica Chemistry, China Phar-
maceutical Univerdity. Glucose-6-phosphate dehydro-
genase (Type V), a-naphthoflavone (a-Naph),
sulfaphenazole (Sul), tranylcypromine (Tra), quinidine
(Qui), diethyldithiocarbamate (DDC) were purchased
from Sigma Chemica Co. Ketoconazole (Ket) was
kindly provided by Nanjing Second Pharmaceutica
Factory. a-Nicotinamide adeni nedinud ectide phosphate
(NADP) and glucose-6-phosphate (G-6-P) were pur-
chased from Shanghai Lizhudongfeng Biotechnologica
Co. All other supplies were of the highed grades avail-
able from standard commercid sources.

Tissue samples and preparation of liver mi-
crosomes Thehuman liver used in the present sudy
was obtained from Jnling Hospitd after the study pro-
tocol was approved by the Academic Committee. Mi-
crasomeswere prepared by differential centrifugationt.
Microsomal protein concentration was determined by
the method of Lowry et a/™™.

Incubation and sample preparation The in-
cubation conditionsof the experiment were established
and controlled to provide a reproducible and linear rate
of the metabolite. A typica incubation mixturé® con-
ssted of potassium phosphate buffer (pH 7.4)100 mmol/
L, an NADPH gererating system (MgCl, 5mmol/L, G6P
10 mmol/L, NADP 1 mmol/L, G6PDH 1 kU/L),
cilnidipine 25 mmol/L, and microsomal protén 1 g/L, in
afina volumeof 1 mL. Thereactionwasinitiated by
addition of the NADPH generating system. After incu-
bation a 37 °C for 40 min , the reaction was terminated
by adding 200 niL of NaOH 2 mmol/L. CNDP and
DCNDP formed in the incubation mixture were deter-
mined by HPL C method described previously™ with
minor modification. The reaction mixtures were ex-
tractedwith 4 mL of ether-hexane (1:1) and centrifuged
at 1000xg for 5 min. The organic fraction was evapo-
rated under a gentle stream of air at 50°C. The residue
was dissolved in 100 ni. of mobile phase and an aiquot
(20 nmL)wasinjected onto the Hypersil BDS column
(4.6x250 mm, 5 mm). The HPLC system comprised
of an LC-10AT pump and aSPD-10AV UV detector.

Inhibition study T he effects of various selec-
tive CYP inhibitors’® on the dehydrogenation of
dihydropyridine ring of CNDP in human liver mi-
crosomeswereinvestigaed. Theinhibitors sudiedwere
a-Negph (CYP1A2), Qui (CYP2D6), DDC(CYP2E), Sul
(CYP2C9), Tra (CYP2C19) and Ket (CYP3A). The
concentration of CNDP was 25 mmol/L and the con-

centration range of inhibitors was 2.5-20 nmol/L for
Qui, 12.5-100 nmol/L for a-Naph, Sul and Tra, 6.25-
50 nmol/L for DDC, and 0.5-5 mmol/L for Ket.

RESULTS

Following incubation of CNDP with human liver
microsomes CNDP was rapidly metabolized and three
metabolites (M,, M,, and M,)wereisolated (Fig 1) in
the incubation with the corresponding concentration of
CNDP decreased . Direct HPLC/MS analyssusng an
€ledtrospray ionization interface under postiveionmode
resolved three drug-related compounds in the incuba-
tions(Fig2). M,, M,, and M, exhibited the protonated
molecular ion [M+H]" a m/z 491, 479 and 477 respec-
tively while CNDP exhibited the protonated molecular
ion [M+H]" a m/z 493. Both HPLC and mass spectra
with prepared reference substance conformed that M,
was dehydrogenated metebolite of dihydropyridinesring
of CNDP. Theother two metabolites, M,andM, , were
tentatively identified asthe demethylation metabolite of
lateral chain of dihydropyridinering of CNDP (M,) and
the dehydrogenation and demethylation metabolite of
CNDP (M), respectively acoording to their LC/MS deta.
The proposed metabolic pathway of CNDP is present
inFig3.

The effects of inhibitors on the formation of
DCNDPare presentedin Fig 4. Ket, thespecific inhibi-
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Fig 1. HPLC chromatograms of (A) blank human liver
micros omes, (B) cilnidipine standard, (C) dehydrogenated
metabolite standard, and (D) incubation of cilnidipin e with
human liver microsomes. Peak 1: dehydrogenated
metabolite; peak 2: demethylated metabolite; peak 3: de-
hydrogenated and demethylated metabolite; and peak 4:
cilnidipine.
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Fig 2. LC/MS spectra of cilnidipine and its metabolites in human liver microsomes
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Fig 3. The proposed metabolic pathway of cilnidipine in human liver microsomes
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Fig 4. Effects of CYP450 selective inhibitors on cilnidipine (25 mmol/L) dehydrogenase activity in human liver microsomes.
Effect of each inhibitor was compared with the control values determined by the incubation of cilnidipine alone and ex-

pressed as the percentage of control values (100 %).

tor of CYP3A, could inhibit theformation of DCNDP
while other inhibitors had no sgnificant inhibitory ef-
fect on the DCNDP formation asshown in Fig4. The
Lineweaver-Burk plot of cilnidipine dehydrogenase ac-
tivity in human liver microsomesin the absence or pres-
ence of ketoconazoleis presented in Fig 5. Ket com-
petitively inhibited the formation of DCNDP and lower
therateof CNDP met&bolisn in human liver microsomes
(Fig 6). K, vauefor Ket was1.52 nmal.

DISCUSSION

The results of present studies indicated that
cilnidipine was rapidly metabolized in human liver
microsomes. Three metaboliteswere isolated and iden-
tified in the incubation mixture. Dehydrogenated me-
tabolite of dihydropyridinering of CNDP wasoneof its
major metabolites in the incubation. Inhibition of the
formation of this metabolite will directly result in low-
ering of the metabolic rate of CNDP. This suggested
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Fig 5. Effect of ketoconazole on cilnidipine dehydrogen ase
activity in human liver microsomes. Each data point repre-
sents the mean of duplicate determination. [v]: reaction
velocity (mmol- min™- g™), [S]: substrate concentration
(mmol: L™).

that dehydrogenation of dihydropyridine ring of CNDP
was theinitia metabolic step and this sep iscrucial for
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Fig 6. Effect of ketoconazole on the metabolism of cilnidipine
(25 mmol/L) in human liver microsomes. Each point repre-
sents the mean of duplicate determination.

theelimination of CNDP. Our previous studies®® have
shown that the initial and crucial metabolic step of both
nimodipine and felodipine, which areaso dihydropyri-
dine calcium channd blockers, was dehydrogenation
of dihydropyridnering inhuman liver microsomes. The
resultsof our previous studies and prsent study sug-
gested that dehydrogenation of dihydropyridinering of
dihydropyridine calcium channel blockers wasthe cru-
cia metabolic step for the eimination of thistype of
drugs and the therapeutic agents which can inhibit the
above metabolic step of calcium channel blockers will
lower the metabolic rate of this type of agentsand el-
evate the leve of thistype of agentsinthe body. This
isworth noticing in clinic when they are usedin combi-
nation with other therapeuti c agentswhich may have
the metabolic interactions with them.

Ket, the specific inhibitor of CYP3A, could com-
petitively inhibit the formation of DCNDP and | ower
the metabalism of cilnidipine, while other inhibitorsfor
CYP1A2 (a-Naph), CYP2C9 (Sul), CYP2C19 (Tra),
CYP2D6 (Qui), and CYP2E (DDC) had no or alittle
effect on theformation of DCNDP. The resultsimpli-
cated tha CYP3A asamajor CY P450 isoform involved
in the dehydrogenation of dihydropyridine ring of
cilnidipine. Pharmacokinetic drug interactions caused
by metabolic processesare regarded as one of the most
important factorsthat affect the concentration of drugs

inthe body™. Therefore, inhibition of the abovemeta-
bolic pathways can | ower the rate of cilnidipine me-
tabolism and increase the concentration of cilnidipinein
the body, suggesting the possbility of the metabolic
interactionsof cilnidipinewith other therapeutic agents,
inhibitors of CYP3A. These results contribute to our
understanding the metabolism of CNDP i n human.
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